BACKGROUND
Since its first formal description nearly 50 years ago, 1 emergency department thoracotomy (EDT) has remained among the most polarizing and controversial procedures that physicians perform. When treating moribund trauma victims presenting in extremis, clinicians are forced to make immediate life-or-death decisions for their patientsVdecisions that attempt to balance the last chance of survival 2Y72 with the risk of salvaging patients with severe anoxic encephalopathy 4,5,7,8,10,12,13,16,18,20,21,23Y32,34,36,37,39Y46,48,49,51Y55,57,59,60,64,65, 68Y71,73 or exposing health care providers to blood-borne pathogens. 74Y82 Limited salvage rates 2Y72 in conjunction with considerable potential risks 4,5,7,8,10,12,13,16,18,20,21,23Y32,34,36,37, 39Y46,48,49,51Y55,57,59,60,64,65 ,68Y71,73Y82 associated with EDT have been central to the controversy. These reported outcomes have led to a more discriminating focus on patients most likely to benefit from the heroic procedure while limiting unnecessary risk. A selective approach to the performance of EDT based on the presence or absence of several predictors of survival has thus emerged.
EDT survival predictors have been well described. Often reported survival predictors include injury mechanism, 2Y37,39Y46,48Y67,70,72 anatomic injury location, 2,4,6,7,11, 12,14,15,17Y22,24Y30,32,33,37,41,43,44,46,48,49 ,51Y55,57Y59,61,63,65Y67 and degree of physiologic derangement as indicated by the performance of prehospital closed-chest cardiopulmonary resuscitation (CPR), 9, 12, 15, 28, 32, 51, 55, 66, 67 presenting signs of life, 2Y14, 18,20Y22,24Y26,29,31,36,37,39,40,44,49,51,53,55,57,58,63 ,65Y67,72 cardiac rhythm, 10, 13, 15, 20, 28, 35, 53, 72 or vital signs. 2Y15,20Y22,24Y26, 29,30,37, 39,41Y44,49,51Y53,58,61,66 Although, in reality, patients present with either the presence or the absence of each one of these survival predictors, most prior reports have focused on a single survival predictor at a time, making interpretation of the data and extrapolation to clinical practice difficult. To this end, our subcommittee of the Practice Management Guideline Committee of the Eastern Association for the Surgery of Trauma (EAST) has compiled measured outcomes and evidence for the performance of EDT in patients presenting with or without multiple combinations of common survival predictors together. By analyzing patients with the presence or absence of multiple EDT survival predictors together, we hope to present a more realistic and accessible guideline to the clinician.
The primary objective of this article is to provide clear evidence-based recommendations for the physician facing the most common presenting clinical scenarios after critical injury. These recommendations are meant to provide an evidencebased framework from which clinicians can make rapid decisions regarding further resuscitation with EDT or futility. This guideline has been endorsed by EAST and uses Grading of Recommendations, Assessment, Development and Evaluations (GRADE) methodology 83 Va framework recently adopted by EAST.
OBJECTIVES
The objective of this guideline was to evaluate whether EDT (vs. resuscitation without EDT) improves outcomes in patients who present to the hospital pulseless after critical injuries. Our PICO (Population, Intervention, Comparator, and Outcome) questions were as follows:
Population:
1. Patients presenting pulseless to the emergency department with signs of life after penetrating thoracic injury 2. Patients presenting pulseless to the emergency department without signs of life after penetrating thoracic injury 3. Patients presenting pulseless to the emergency department with signs of life after penetrating extrathoracic injury 4. Patients presenting pulseless to the emergency department without signs of life after penetrating extrathoracic injury 5. Patients presenting pulseless to the emergency department with signs of life after blunt injury 6. Patients presenting pulseless to the emergency department without signs of life after blunt injury Intervention: EDT Comparator: Resuscitation without EDT Outcomes:
1. Hospital survival 2. Neurologically intact hospital survival
INCLUSION CRITERIA FOR THIS REVIEW

Study Types
For the purposes of making recommendations, studies included prospective observational or retrospective studies without controls and case series.
Participant Types
All patients who underwent EDT regardless of age, sex, ethnicity, or comorbidities were included. Only studies that involved resuscitative EDT were included, whereas those involving either prehospital resuscitative thoracotomy or operating room thoracotomy were excluded from the analysis.
Meta-analyses, reviews without original data, case reports, and letters were excluded.
Intervention Type
We included studies in which EDT was performed in the above populations with the above measured outcomes. No direct comparator population exists in the literature; therefore, baseline risk of hospital survival for patients presenting pulseless to the emergency department with each of the above conditions was estimated by the subcommittee as presented in the Evidence Profiles.
Outcome Measure Types
Relevant outcomes including hospital survival, neurologically intact hospital survival, health care personnel exposure to blood-borne pathogens, and costs were independently rated by each individual member of the subcommittee. Only hospital survival and neurologically intact hospital survival were deemed ''critical'' outcomes necessary to decision making, whereas blood-borne pathogen exposure was ''moderately'' important and costs were of minimal importance to the group. However, we recognize that exposure is an important consideration for many clinicians when deciding whether or not to perform an EDT and a review of the topic is included in the present article for reference.
REVIEW METHODS
Electronic Search
A systematic search using the PubMed and Embase databases was performed using the following combination of the Medical Subject Headings (MESH) terms and related key words: thoracotomy, emergency medical services, emergency treatment, emergencies, emergency room, emergency department, emergency service, and emergency ward. We included only articles available in English. Bibliographies of included studies were also reviewed to find potential additional articles for study inclusion.
Study Selection
Titles and abstracts from the electronic search were screened for relevance to each PICO question. Studies initially deemed relevant for inclusion then underwent full text review by the subcommittee to determine final appropriateness for inclusion.
Data Extraction and Management
Data were extracted using a standardized Microsoft Excel spreadsheet and consisted of the study authors, location, publication year, journal, methodology, and the relevant outcome measures with respect to EDT survival predictors. All entered data were checked in triplicate to ensure accuracy.
Assessment of Methodological Quality
The articles were evaluated using the GRADE system 83 and documented in each Evidence Profile figure. The quality of evidence was evaluated for each of the following domains: risk of bias, inconsistency, indirectness, imprecision, and publication bias. The strength of recommendations was based on the quality of evidence, risk-versus-benefit ratio, and patient values/preferences and was classified as ''strong'' (prefaced by ''strongly recommend'') or ''weak'' (prefaced by ''conditionally recommend'').
Measures of Treatment Effect
Data on hospital survival and neurologically intact survival after EDT were collected from the included studies. The 95% confidence intervals for these event rates were calculated using the exact mid-P method. As described, no comparison or control group (i.e., no survival or neurologically intact survival data for similar groups of patients who did not undergo EDT) was available for the PICO questions of interest and prompted thorough consultation with GRADE methodology experts. Relative effects and risk differences were then estimated by comparing the event rates with EDT with the expected probability of survival without EDT as estimated by the subcommittee. To this end, individual subcommittee members were polled to predict patient survival without EDT but with standard resuscitation including large bore access, blood product and crystalloid infusion, thoracostomy tube placement, and emergent transport to the operative suite as necessary for each PICO. One high and low outlier response was excluded for each PICO and the remaining responses used to calculate the mean estimated probability of survival without EDT. These estimates were then presented as the comparison group for each PICO. Without a control group in each constituent study, meta-analyses, assessments of heterogeneity, and confidence intervals for relative treatment effects were not calculable as a result.
Study Definition: Signs of Life
Signs of life, often used interchangeably with vital signs, were defined for the present study as defined by American College of Surgeons Committee on Trauma in 2001. 84 Signs of life were considered present with any of the following: pupillary response, spontaneous ventilation, presence of carotid pulse, measureable or palpable blood pressure, extremity movement, or cardiac electrical activity.
RESULTS
A Pubmed/Embase literature search yielded 2,152 studies of which 2,031 were removed after title and abstract review (Supplemental Digital Content 1, http://links.lww.com/TA/A593). The subcommittee reviewed 121 full articles of which 48 were excluded (24 operating room thoracotomy studies, 8 prehospital resuscitative thoracotomy studies, 16 studies did not address PICO questions or chosen outcomes). Ultimately, 72 studies were used in this guideline for recommendations. 2Y73 Of the 72 included studies, 64 were retrospective, 2Y9,11Y23,25,27Y46, 49Y59,61Y70,72 3 had both retrospective and prospective observational components, 10,24,71 and 5 were prospective observational in design. 26, 47, 48, 60, 73 Studies primarily originated from major American trauma centers (54 Level I, 2,4Y20,22Y29,31Y36,39, 41Y44,46Y48,50,52Y54,56Y58,61,62,64,65,68,71,73 2 Level II 3, 70 ), but 16 studies 21, 30, 37, 38, 40, 45, 49, 51, 55, 59, 60, 63, 66, 67, 69, 72 were from a variety of other countries on several continents. The 72 included studies provided 10,238 patients who underwent EDT. Before evaluating the combinations of survival predictors for each PICO question, an analysis of each individual EDT survival predictor alone was undertaken across all 72 studies and presented in Table 1 for reference.
RESULTS OBTAINED FOR PICO QUESTION 1
In patients presenting pulseless to the emergency department with signs of life after penetrating thoracic injury (P), does EDT versus resuscitation without EDT (C) improve hospital survival and neurologically intact hospital survival (O)?
Qualitative Synthesis
The combination of three EDT survival predictorsVinjury mechanism, anatomic injury location, and the presence of signs of life on presentationVwas evaluated with respect to hospital survival and neurologic outcome. Overall, 853 patients in 32 studies 2Y4, 6, 11, 14, 15, 18, 21, 22 Fig. 1 ). As the subcommittee 
DISCUSSION
An analysis of all available evidence revealed that EDT improves both survival and neurologically intact survival in patients presenting pulseless to the emergency department with signs of life after penetrating thoracic injury.
Injury mechanism is a well-recognized predictor of survival after EDT. Although those who sustain penetrating injuries clearly have more favorable outcomes than those who sustain blunt injuries (Table 1) , 2Y37,39Y46,48Y67,70,72 the specific type of penetrating injuries also impacts EDT survival. 2Y7,10Y14, 17Y27, 29,31,32,35Y37,39,41,42,44,46,48,49 ,51Y55,57,63,65Y67, 72 Branney et al. 41 reported their 23-year experience with EDT in 1998, revealing that 14.6% survived EDT after cardiac stab wounds whereas only 1.8% survived after cardiac gunshot wounds. In a contemporary series evaluating 283 patients sustaining penetrating cardiac or great vessel injuries, 57 this author determined that 24% survived EDT after stab wounds as compared with 3% surviving gunshot wounds. Although few would argue that single cardiac stab wounds are the injury associated with the best EDT survival, other physiologic survival predictors such as the presence or absence of signs of life are also essential to predict EDToutcomes.
RECOMMENDATION
Despite moderate overall quality of evidence ( Fig. 1 ) for both critical outcomes, subcommittee panelists believed that patients would strongly favor undergoing EDT in this clinical scenario because of the substantial improvements in both survival and neurologically intact survival over patients resuscitated without EDT. For these reasons, a strong recommendation was made, implying that most patients would want the recommended course of action and only a small proportion would not.
Recommendation
In patients presenting pulseless to the emergency department with signs of life after penetrating thoracic injury, we strongly recommend that patients undergo EDT. This recommendation is based on moderate quality of evidence and places emphasis on patient preference for improved survival and neurologically intact survival after EDT. Figure 1 . EDT for patients who present pulseless with signs of life after penetrating thoracic injury, evidence profile. 1 Signs of life were defined as the presence of any of the following: spontaneous respirations, palpable pulse, measureable blood pressure, spontaneous movement, cardiac electrical activity, or pupillary reactivity. 2 Baseline risk of hospital survival for patients presenting pulseless with ED signs of life after penetrating thoracic injury was unavailable. The guideline group estimated hospital survival without EDT at 2.8% (range, 2Y5%). 3 Relative risk of estimates based on comparison of observed intervention effect compared to estimated baseline risk. 4 Baseline risk of neurologically intact hospital survival for patients presenting pulseless with ED signs of life after penetrating thoracic injury was unavailable. The guideline group estimated hospital survival without EDT at 2.8% x 90% (90% of penetrating EDT survivors are neurologically intact) = 2.5%.
RESULTS OBTAINED FOR PICO QUESTION 2
In patients presenting pulseless to the emergency department without signs of life after penetrating thoracic injury (P), does EDT versus resuscitation without EDT (C) improve hospital survival and neurologically intact hospital survival (O)?
Qualitative Synthesis
Hospital survival and neurologic outcome were evaluated with respect to injury mechanism and anatomic injury location in patients without signs of life on presentation. Of 920 patients in 32 studies, 2Y4,7,11,14,15 Fig. 2 ). As the subcommittee estimated hospital survival without EDT in this population to be 0.2% (range, 0Y2%), patients presenting pulseless to the emergency department without signs of life after penetrating thoracic injury were 41 times (RR, 41.3) more likely to survive their hospitalization after EDT than without EDT. Neurologic outcome after EDT in this population was reported in 16 studies involving 641 patients. 4 
DISCUSSION
Complete review of available data revealed that EDT improves both survival and neurologically intact survival in patients presenting pulseless to the emergency department with absent signs of life after penetrating thoracic injury. In the three largest series during the past 20 years, 39,52,57 0 of 80, 3 of 79, and 5 of 107 (3 of 107 neurologically intact) survived their hospitalization after EDT when presenting without signs of life after a penetrating thoracic wound.
Not only is the presence or absence of signs of life important, but the duration without signs of life is also vital to the decision-making process. Once again, accurate nomenclature is essential because this phenomenon has been labeled arrest time, CPR time, duration of absent vital signs, and duration of absent signs of life. Adding to the interpretation difficulties, these reported elapsed times are often reliant on Emergency Medical Services (EMS) documentationVdocumentation that occurs retrospectively based on EMS estimates after the termination of a resuscitation. In the 2012 joint position statement of the NAEMSP-ACSCOT (National Association EMS PhysiciansYAmerican College of Surgeons Committee on Trauma), ''Withholding and Termination of Resuscitation of Adult Cardiopulmonary Arrest Secondary to Trauma,'' Millin et al. 85 states that ''protocols should require a specific interval Figure 2 . EDT for patients who present pulseless without signs of life after penetrating thoracic injury, evidence profile. 1 Signs of life were defined as the presence of any of the following: spontaneous respirations, palpable pulse, measureable blood pressure, spontaneous movement, cardiac electrical activity, or pupillary reactivity. 2 Baseline risk of hospital survival for patients presenting pulseless without ED signs of life after penetrating thoracic injury was unavailable. The guideline group estimated hospital survival without EDT at 0.2% (range, 0Y2%). 3 Relative risk of estimates based on comparison of observed intervention effect compared to estimated baseline risk. 4 Baseline risk of neurologically intact hospital survival for patients presenting pulseless without ED signs of life after penetrating thoracic injury was unavailable. The guideline group estimated hospital survival without EDT at 0.2% x 90% (90% of penetrating EDT survivors are neurologically intact) = 0.18%. of CPR that accompanies other resuscitative interventions. Past guidance has indicated that up to 15 minutes of CPR should be provided before resuscitative efforts are terminated, but the science in this regard remains unclear.'' For these reasons, exact durations of traumatic cardiopulmonary arrest have been removed from the recent position statement. 85, 86 Although we recognize the importance of the duration without a perfusing rhythm in patients who have sustained a traumatic cardiopulmonary arrest, the above current evidence limitations prevent its incorporation into our evidencebased guidelines. Clearly, patients who require prehospital CPR before EDT survive less often than those who do not (Table 1) . 9, 12, 15, 28, 32, 51, 55, 66, 67 After careful analysis of all available pertinent data and its shortcomings though, we are unable to offer any alteration to the commonly held dictum: EDT is likely futile after 15 minutes of arrest time after penetrating injury. Furthermore, both survival and neurologically intact survival are rare after more than 15 minutes of CPR regardless of injury mechanism or anatomic location. 85, 86 
RECOMMENDATION
Despite moderate overall quality of evidence for both critical outcomes (Fig. 2) , subcommittee panelists believed that a majority of patients would favor undergoing EDT in this clinical scenario because of the improvements in both survival and neurologically intact survival over patients resuscitated without EDT. We recognize that the duration of time without signs of life is a vital component to the decision-making process, but an evidentiary basis for exact length of arrest times is extremely limited. For these reasons, a conditional recommendation is made, implying that, although most patients would want the recommended course of action, others would not.
Recommendation
In patients presenting pulseless to the emergency department without signs of life after penetrating thoracic injury, we conditionally recommend that patients undergo EDT. This recommendation is based on moderate quality of evidence and places emphasis on patient preference for improved survival and neurologically intact survival after EDT but also acknowledges that elapsed time without signs of life is an important component.
RESULTS OBTAINED FOR PICO QUESTION 3
In patients presenting pulseless to the emergency department with signs of life after penetrating extrathoracic injury (P), does EDT versus resuscitation without EDT (C) improve hospital survival and neurologically intact hospital survival (O)?
Qualitative Synthesis
The combination of three EDT survival predictorsVinjury mechanism, anatomic injury location, and the presence of signs of life on presentationVwas evaluated with respect to hospital survival and neurologic outcome. Overall, 160 patients in 11 studies 2Y4, 6, 15, 24, 26, 29, 43, 49, 54 Fig. 3 ). As the subcommittee estimated hospital survival without EDT in this population to be 1.7% (range, 1Y5%), patients presenting pulseless to the emergency department with signs of life after penetrating extrathoracic injury were nine times (RR, 9.2) more likely to survive their hospitalization after EDT than without EDT. Neurologic outcome after EDT in this population was reported in six studies involving 85 patients. 4, 24, 26, 43, 49, 54 Of these, 14 patients (16.5% [9.7Y25.5%]) survived EDT neurologically intact, whereas the subcommittee estimated hospital survival without EDT to be 1.5% (1.7% Â 90% [90% of penetrating EDT survivors are neurologically intact]) in this population. When compared with the estimated neurologically intact survival of these patients resuscitated without EDT, patients who underwent EDT were 11 times (RR, 11.0) more likely to survive neurologically intact.
DISCUSSION
Analysis reveals that EDT improves both hospital survival and neurologically intact hospital survival in patients presenting pulseless to the emergency department with signs of life after penetrating extrathoracic injury. The present study did not include patients with isolated cranial injuries nor did it consider organ preservation for transplantation as a measured outcome. Our penetrating extrathoracic data included neck, abdominal, and extremity injuries and were grouped together both to provide adequate sample size and to simplify the clinician's decision-making algorithm. Importantly though, all extrathoracic injury sites likely do not have equivalent salvage rates after EDT. Recent data do suggest a role for EDT after penetrating abdominal, neck, or extremity injury however. This author reviewed 50 consecutive patients who underwent EDT for abdominal exsanguination. 54 Of 39 patients who presented with signs of life after penetrating abdominal injury, 7 survived their hospitalization, all neurologically intact. Sheppard et al. 48 reported outcomes after EDT for penetrating nontorso injuries. Of 27 patients, 3 survived (2 neck, 1 extremity) of which 1 had a poor neurologic outcome. These data suggest that EDT is another potentially useful maneuver in the physician's armamentarium when confronted with an exsanguinating extrathoracic wound.
RECOMMENDATION
Despite moderate overall quality of evidence for both critical outcomes (Fig. 3) , subcommittee panelists believed that a majority of patients would favor undergoing EDT in this clinical scenario because of the improvements in both survival and neurologically intact survival over patients resuscitated without EDT. We recognize that all extrathoracic injury locations such as the neck, abdomen, and extremities may not have equivalent salvage rates after EDT. For these reasons, a conditional recommendation is made.
Recommendation
In patients presenting pulseless to the emergency department with signs of life after penetrating extrathoracic injury, we conditionally recommend that patients undergo EDT. This recommendation does not pertain to patients with isolated cranial injuries. This recommendation is based on moderate quality of evidence and places emphasis on patient preference for improved survival and neurologically intact survival after EDT but also acknowledges that penetrating injuries to all extrathoracic anatomic areas will not have equivalent salvage rates after EDT.
RESULTS OBTAINED FOR PICO QUESTION 4
In patients presenting pulseless to the emergency department without signs of life after penetrating extrathoracic injury (P), does EDT versus resuscitation without EDT (C) improve hospital survival and neurologically intact hospital survival (O)?
Qualitative Synthesis
The combination of three EDT survival predictorsVinjury mechanism, anatomic injury location, and the absence of signs of life upon presentationVwas evaluated with respect to hospital survival and neurologic outcome. Overall, 139 patients in eight studies 2, 4, 15, 19, 24, 26, 29, 54 met these criteria, and four (2.9% [0.9Y6.8%]) survived their hospitalization after EDT in this group (Supplemental Digital Content 5, http://links.lww.com/TA/A597; Fig. 4 ). Compared with an estimated hospital survival of 0.1% (range, 0Y1%) without EDT in this population, patients presenting pulseless to the emergency department without signs of life after penetrating extrathoracic injury were nearly 29 times (RR, 28.8) more likely to survive their hospitalization after EDT than without EDT.
Neurologic outcome after EDT in this population was reported in four studies 4, 24, 26, 54 involving 60 patients. Of these, three patients (5.0% [1.3Y13.0%]) survived EDT neurologically intact. As the baseline neurologically intact survival for patients presenting pulseless to the emergency department without signs of life after penetrating extrathoracic injury is unreported in prior literature, the subcommittee estimated hospital survival without EDT in this population to be 0.09% (0.1% Â 90% [90% of penetrating EDT survivors are neurologically intact]). When compared with the estimated neurologically intact survival of these patients resuscitated without EDT, patients who underwent EDT were nearly 56 times (RR, 55.7) more likely to survive neurologically intact.
DISCUSSION
Data suggest a role for EDT in patients presenting pulseless to the emergency department without signs of life after penetrating extrathoracic injury. We recognize that evidence is limited regarding this clinical scenario. Eight cohort studies without controls or case series contributed dataVeach with less than 40 patients contributed and either 0 or 1 survivor per study. 2, 4, 15, 19, 24, 26, 29, 54 These sample size limitations then in turn create less reliable RR survival calculations.
Importantly, the limitations reflect not only a difference in outcomes when compared with thoracic injuries but also hesitation of the practitioner to perform the procedure under these circumstances. Of the several functions of EDT (relieve pericardial tamponade, temporize thoracic bleeding, open-chest cardiac massage, maximize cerebral and coronary blood flow while limiting infradiaphragmatic exsanguination, prevention of Figure 3 . EDT for patients who present pulseless with signs of life after penetrating extrathoracic injury, evidence profile. 1 Signs of life were defined as the presence of any of the following: spontaneous respirations, palpable pulse, measureable blood pressure, spontaneous movement, cardiac electrical activity, or pupillary reactivity. 2 Patients with isolated cranial injuries were excluded from analysis. 2 Baseline risk of hospital survival for patients presenting pulseless with ED signs of life after penetrating extra-thoracic injury was unavailable. The guideline group estimated hospital survival without EDT at 1.7% (range, 1Y5%). 3 Relative risk of estimates based on comparison of observed intervention effect compared to estimated baseline risk. 4 Baseline risk of neurologically intact hospital survival for patients presenting pulseless with ED signs of life after penetrating extra-thoracic injury was unavailable. The guideline group estimated hospital survival without EDT at 1.7% x 90% (90% of penetrating EDT survivors are neurologically intact) = 1.5%. air embolism), open-chest cardiac massage, and placement of a descending thoracic aortic cross clamp may offer an improved, albeit small, chance of survival for these critically injured patients.
RECOMMENDATION
Although all voting members of the subcommittee sought a conditional recommendation, 11 members voted in favor of EDT and 4 voted against the procedure based on the PICO No. 4 Evidence Profile. Group disagreement and low quality of evidence for both critical outcomes ( Fig. 4) led to a conditional recommendation.
Recommendation
In patients presenting pulseless to the emergency department without signs of life after penetrating extrathoracic injury, we conditionally recommend that patients undergo EDT. This recommendation does not pertain to patients with isolated cranial injuries and is based on low quality of evidence. The majority of subcommittee members believed that most patients would prefer undergoing EDT in hopes of improved survival and neurologically intact survival.
RESULTS OBTAINED FOR PICO QUESTION 5
In patients presenting pulseless to the emergency department with signs of life after blunt injury (P), does EDT versus resuscitation without EDT (C) improve hospital survival and neurologically intact hospital survival (O)?
Qualitative Synthesis
The combination of two EDT survival predictorsVinjury mechanism and the presence of signs of life on presentationVwas evaluated with respect to hospital survival and neurologic outcome. Overall, 454 patients in 22 studies 2,4,6,8Y10, 24,26,29, 31Y33,35,36,41,43,51,58,63 ,65Y67 met these criteria, and 21 (4.6% [3.0Y6.9%]) survived their hospitalization after EDT (Supplemental Digital Content 6, http://links.lww.com/TA/A598; Fig. 5 ). When compared with a subcommittee estimated hospital survival of 0.5% (range, 0Y3%) without EDT in this population, patients presenting pulseless to the emergency department with signs of life after blunt injury were nine times (RR, 9.3) more likely to survive their hospitalization after EDT than without EDT. Neurologic outcome after EDT in this population was reported in 10 studies 4, 10, 24, 26, 31, 32, 36, 41, 43, 65 involving 298 patients. Of these, seven patients (2.4% [1.0Y4.6%]) survived EDT neurologically intact. As the subcommittee estimated hospital survival without EDT in this population to be 0.3% (0.5% Â 60% [60% of blunt EDT survivors are neurologically intact]) when compared with the estimated neurologically intact survival of these patients resuscitated without EDT, patients who underwent EDT were nearly eight times (RR, 7.8) more likely to survive neurologically intact.
DISCUSSION
In patients presenting pulseless to the emergency department with signs of life after blunt injury, EDT improves both hospital survival and neurologically intact hospital. Pointing Figure 4 . EDT for patients who present pulseless without signs of life after penetrating extrathoracic injury, evidence profile. 1 Signs of life were defined as the presence of any of the following: spontaneous respirations, palpable pulse, measureable blood pressure, spontaneous movement, cardiac electrical activity, or pupillary reactivity. 2 Patients with isolated cranial injuries were excluded from analysis. 2 Baseline risk of hospital survival for patients presenting pulseless without ED signs of life after penetrating extra-thoracic injury was unavailable. The guideline group estimated hospital survival without EDT at 0.1% (range, 0Y1%). 3 Relative risk of estimates based on comparison of observed intervention effect compared to estimated baseline risk. 4 Baseline risk of neurologically intact hospital survival for patients presenting pulseless without ED signs of life after penetrating extra-thoracic injury was unavailable. The guideline group estimated hospital survival without EDT at 0.1% x 90% (90% of penetrating EDT survivors are neurologically intact) = 0.09%.
to the importance of EDT survival predictors, EDT salvage rates after blunt injury have been unfavorable. Rhee et al. 87 compiled 25 years of EDT literature in a 2000 meta-analysis, revealing that 1.4% of blunt injury patients survived EDT. As in our evidence table (Table 6 ; see Supplemental Digital Content 6, http://links.lww.com/TA/A598), many series contributed no survivors despite the presence of signs of life on presentation. Importantly, both hospital survival rates and neurologic outcome are poor after EDT for blunt injury. Although 90% of EDT survivors after penetrating injury survive neurologically intact, 4,7,10,12,13,16,18,21,23Y28,30Y32,34,36,39Y41,43,44,46,48,49,52Y54,57,59,60,64,65 only 59% of blunt EDT survivors are neurologically intact (Table 1) . 10, 23, 24, 26, 28, 41, 45, 60 This association may reflect the absence of wounds to rapidly temporize in blunt trauma victims or concomitant traumatic brain injury in multi-injured blunt trauma patients. Thus, not only are patients less likely to survive after EDT for blunt injury but also, when they do survive, blunt injury patients are more likely to be neurologically impaired.
RECOMMENDATION
With a moderate overall quality of evidence for both critical outcomes (Fig. 5) , subcommittee panelists believed that most patients would favor undergoing EDT in this clinical scenario because of the improvements in both survival and neurologically intact survival over patients resuscitated without EDT. However, the subcommittee recognizes that many patients would not want to undergo EDT after blunt injury because of the possibility of concomitant severe traumatic brain injury and poor neurologic outcome in survivors.
Recommendation
In patients presenting pulseless to the emergency department with signs of life after blunt injury, we conditionally recommend that patients undergo EDT. This recommendation is based on moderate quality of evidence and places emphasis on patient preference for improved survival and neurologically intact survival after EDT.
RESULTS OBTAINED FOR PICO QUESTION 6
In patients presenting pulseless to the emergency department without signs of life after blunt injury (P), does EDT versus resuscitation without EDT (C) improve hospital survival and neurologically intact hospital survival (O)?
Qualitative Synthesis
The combination of two EDT survival predictorsVinjury mechanism and the presence of signs of life on presentationV was evaluated with respect to hospital survival and neurologic outcome. Overall, 995 patients in 24 studies 2Y4,8Y10, 19,20,24Y26,29,31Y33,35,36,41,43,51,63 ,65Y67 met these criteria, and seven (0.7% [0.3Y1.4%]) survived their hospitalization after EDT in this group (Supplemental Digital Content 7, http://links.lww.com/TA/A599; Fig. 6 ). As the subcommittee estimated hospital survival without EDT in this population to be 0.001% (range, 0Y0.01%),despite limited survival after EDT, patients presenting pulseless to the emergency Figure 5 . EDT for patients who present pulseless with signs of life after blunt injury, evidence profile. 1 Signs of life were defined as the presence of any of the following: spontaneous respirations, palpable pulse, measureable blood pressure, spontaneous movement, cardiac electrical activity, or pupillary reactivity. 2 Baseline risk of hospital survival for patients presenting pulseless with ED signs of life after blunt injury was unavailable. The guideline group estimated hospital survival without EDT at 0.5% (range, 0Y3%). 3 Relative risk of estimates based on comparison of observed intervention effect compared to estimated baseline risk. 4 Baseline risk of neurologically intact hospital survival for patients presenting pulseless with ED signs of life after blunt injury was unavailable. The guideline group estimated hospital survival without EDT at 0.5% x 60% (60% of blunt EDT survivors are neurologically intact) = 0.3%. department without signs of life after blunt injury were more likely (RR, 704) to survive their hospitalization after EDT than without EDT.
Neurologic outcome after EDT in this population was reported in 11 studies 4,10,24Y26,31,32,36,41,43,65 involving 825 patients. Of these, only one patient (0.1% [G0.01Y0.6%]) survived EDT neurologically intact. When compared with the estimated neurologically intact survival of 0.0006% (0.001% Â 60% [60% of blunt EDT survivors are neurologically intact]) without EDT, patients who underwent EDT were more likely (RR, 202) to survive neurologically intact.
DISCUSSION
In patients presenting pulseless to the emergency department without signs of life after blunt injury, EDT did not improve either hospital survival or neurologically intact hospital survival. Although survival was universally poor in this group, outcomes were yet more dismal when neurologic outcomes were considered. Of seven hospital survivors, only one survived neurologically intact. Overall, a single patient of 825 who underwent EDT for blunt injury without signs of life survived without neurologic impairment. 4,10,24Y26,31,32,36,41,43,65 For these reasons, this subcommittee recommends against the performance of EDT in this clinical situation. Highlighting the importance of both injury mechanism and the physiologic signs of life, clinicians should be equipped to make rapid evidence-based life-ordeath decisions using this framework.
RECOMMENDATION
Although subcommittee members unanimously voted against the performance of EDT based on the PICO No. 6 Evidence Profile, 10 members voted for a ''strong'' recommendation and 5 voted for a ''conditional'' recommendation. Group disagreement regarding the recommendation strength and low quality of evidence for both critical outcomes ( Fig. 6 ) led to a conditional recommendation. Subcommittee panelists believed that a majority of patients would not favor undergoing EDT in this clinical scenario because of the dismal survival and likelihood of poor neurologic outcome.
Recommendation
In patients presenting pulseless to the emergency department without signs of life after blunt injury, we conditionally recommend against the performance of EDT. This recommendation is based on low quality of evidence and reflects subcommittee group disagreement regarding the strength of the unanimous recommendation against EDT.
ANOTHER IMPORTANT OUTCOME: BLOOD-BORNE PATHOGEN EXPOSURE
Although GRADE recommendations are formulated from the perspective of the patient, 83 another important consideration for many when deciding to perform EDT is the possibility of exposure to blood-borne pathogens. Both the human immunodeficiency virus (HIV) and hepatitis prevalence Figure 6 . EDT for patients who present pulseless without signs of life after blunt injury, evidence profile. 1 Signs of life were defined as the presence of any of the following: spontaneous respirations, palpable pulse, measureable blood pressure, spontaneous movement, cardiac electrical activity, or pupillary reactivity. 2 Baseline risk of hospital survival for patients presenting pulseless without ED signs of life after blunt injury was unavailable. The guideline group estimated hospital survival without EDT at 0.001% (range, 0Y0.01%). 3 Relative risk of estimates based on comparison of observed intervention effect compared to estimated baseline risk. 4 Baseline risk of neurologically intact hospital survival for patients presenting pulseless without ED signs of life after blunt injury was unavailable. The guideline group estimated hospital survival without EDT at 0.001% x 60% (60% of blunt EDT survivors are neurologically intact) = 0.0006%. rates of patients who undergo EDT and the occupational exposure rates of health care personnel during EDT are unknown at present. 
Future Investigation
Several prior and ongoing studies show promise for the resuscitation of critically injured future trauma victims. The use of cardiac ultrasound in the pulseless trauma patient has been described, 88, 89 but its role in the EDT decision-making algorithm awaits further study. Several small case series from European countries have reported outcomes after prehospital thoracotomy. 90 Although survival is appreciable in these series, importantly, their prehospital care differs from that of the United States in that physicians are part of the prehospital care team.
The REBOA (resuscitative endovascular balloon occlusion of the aorta) is a technique described several decades ago that now, with improved technology and greater emphasis on endovascular therapies, has shown potential as an adjunct for the critically injured patient with hemorrhagic shock. 91, 92 The technique offers some EDT benefits (maximizing cerebral and coronary perfusion while limiting infradiaphragmatic hemorrhage) without the invasiveness of a thoracotomy. A comparison of EDT and REBOA outcomes is warranted, and the exact indications for balloon occlusion await elucidation.
Lastly, a multi-institutional, prospective, nonrandomized, parallel assignment trial (ClinicalTrials.gov identifier NCT01042015) entitled ''Emergency Preservation and Resuscitation for Cardiac Arrest From Trauma (EPR-CAT)'' is currently recruiting participants. 93 This study compares pulseless penetrating trauma victims with scene signs of life who undergo standard resuscitative efforts including EDT with similar patients who undergo EDT along with insertion of an arterial catheter into the descending thoracic aorta to rapidly induce hypothermia followed by resuscitative surgery and cardiopulmonary bypass. The goal of the investigators is to improve both hospital survival and neurologically intact survival in these patients.
USING THESE GUIDELINES IN CLINICAL PRACTICE
These guidelines represent a very detailed summary of the literature regarding EDT after six common clinical presentation scenarios. The vast majority of studies used within these guidelines are from major urban Trauma CentersVas such, their data and the resulting recommendations may not be applicable to community or rural centers. The guidelines are intended to inform the decision-making process rather than replace clinical judgment.
CONCLUSIONS
In summary, we have provided six evidence-based recommendations using GRADE methodology ( Fig. 7) and several Figure 7 . Final recommendations. 1 Group voting for a recommendation was mixed. While all voted for a ''conditional'' recommendation, 11 members voted in favor of Emergency Department Thoracotomy and 4 voted against the procedure based on the PICO #4 Evidence Profile. 2 Group voting for a recommendation was mixed. While all voted against the performance of Emergency Department Thoracotomy based on the PICO #6 Evidence Profile, 10 members voted for a ''strong'' recommendation and 5 voted for a ''conditional'' recommendation.
well-described EDT survival predictors. First, we strongly recommend that patients who present pulseless but with signs of life after penetrating thoracic injury undergo EDT. Second, we conditionally recommend EDT for patients who present pulseless and absent signs of life after penetrating thoracic injury. Third, we conditionally recommend EDT for patients who present pulseless but with signs of life after penetrating extrathoracic injury. Fourth, we conditionally recommend EDT for patients who present pulseless and absent signs of life after penetrating extrathoracic injury. Fifth, we conditionally recommend EDT for patients who present pulseless but with signs of life after blunt injury. Lastly, we conditionally recommend against the performance of EDT for patients who present pulseless with absent signs of life after blunt injury. 
